INTRODUCTION

With the opening of the market, distribution network managers have to optimize their investments. One way is cutting down asset replacement strategy, and operating a growing old network. Question raised by this strategy is whether asset failure rate is a function of time and how to model it. Asset failure rate is a crucial challenge for distribution network operators in order to optimize investment MV network investments. This paper addresses the difficult question to model the degradation of quality due to ageing and is organized as follows :
The first part presents the data on which we base our study : the fault databases and the asset databases.
Second Part of the document describes the methodologies used to study the impact of ageing on asset reliability Third part presents the results obtained on the French MV network over a 4-year quality feedback period.
PRESENTING THE DATA
Calculated from the experience feedback from 2000 to 2003, lines and cables represent more than 80 % of the MV interruptions. That is why we focus on this paper on lines and cables. Calculating lines and cables fault rates requires two databases : the asset database and the fault database.
Asset Database
Our database consists of several thousands of segments. Each Segment is linked to a feeder and is characterized by its material, the diameter of its section, its length, its area, its building date and its technology. The asset database on which our study is based covers all the area ruled by EDF, that is to say 580 000 km of MV network. However, the impact of ageing is not the same for all kinds of conductors, so cables and lines have to be split to obtain homogeneous families of same impact on ageing.
Dividing lines and cables into homogeneous families
The split of section into families is a difficult problem to handle : the families have to be big enough to be representative, and in the same time homogeneous. The following method have been used : Sections of the same diameter, material, technology have been grouped and their mean fault rate and ageing have been calculated. When the mean fault rates and mean age were close, the two groups of sections have been merged.
Fault Database
Fault Database comes from a 4-year quality experience feedback from year 2000 to 2003. Each fault in the database is associated with an upstream node and a downstream node indicating the segment on which the fault occurs. Before calculating the Lines and cables fault rates, faults have to be filtered.
Filtering the faults
Some faults may have been collected twice or more in database. Such faults have to be removed to keep one incident at one moment on a given feeder. Faults coming from exceptional events have to be removed Planned interruptions due to work on network are removed (only fortuitous faults are kept).
Connecting the Fault and Asset Databases
Affecting a fault to one particular asset may seem at first an easy problem to handle. The connection between the two databases is achieved by the upstream and downstream MV network nodes. However, there are often missing data problems (for instance, one node out of the two is not completed). Algorithms have been developed to avoid these problems and to affect automatically faults to assets.
METHODOLOGIES USED TO STUDY THE IMPACT OF AGEING
Once the faults have been rightly filtered, and families of lines and cables have been done, impact of ageing has to be measured on fault rates. This estimation of impact of ageing will allow us to optimize the quality of energy supply and costs though policy of refurbishment and maintenance operations.The following sections propose two methods of estimation of the fault rate as a function of the age.
First Method
The first method proposed is a deterministic approach based on the life table estimates. The main problem to address is the lack of data in our latest
experience feedback which covers only 4 years , whereas MV overhead lines and underground cables life cycle can last more than 40 years. So the calculation of an yearly artificial fault rate is needed, and the actuarial method should be applied. It can be described as follows : For each homogenous family of lines or cables, the calculation of the fault rate at age X will be based on all equipment that had age X at one year of the feedback between 2000 and 2003. This calculation can be made only from a minimum age to a maximum age :
• the minimum age corresponds to the difference of the first year experience feedback and the latest building date of the conductor family, • the maximum age corresponds to the difference between the latest experience feedback data and the oldest setup date of the cable family. Moreover after a failure occurred on overhead lines or underground cables, this conductor will be considered as bad as old, that is to say it keeps getting old and our model does not take into account the effect of maintenance on the fault rate .
As the experience feedback covers only 4 years, the differences between two consecutives ages are unfortunately not only due to the aging of the component but also to the difference of localization (or environmental constraints) of the two populations of cables feeding the calculation of the fault rate at these two different ages.
The different lengths of the two populations of consecutive ages lead to different confidence intervals of the estimation of the fault rate. The confidence interval is given by the following formula : Denoting L the length of the sample feeding the calculation of the fault rate, and assuming that the faults are random events following a Poisson Law, the interval of confidence of α % for a symmetrical risk is given by the following relation.
is the α order quantile of a chi-2 law with 2N degrees of freedom.
Then in order to reduce the fluctuations due to other factors than impact of ageing, a moving average over 5 years is calculated and is given by :
where n i is the number of faults occurring on i years old conductors, l i is the length of i years old conductors, λma is the age n moving average fault rate.
Advantage of the Method
The faults rates computed are regularly spaced in times. A confidence interval can help us to select the points of the curve that are accurate enough. The variability of the number of interruptions from one year to another has no effect on the fault rates.
Disadvantage of the Method
The main disadvantage of the method is that each point of the curve refers to a different group of assets. So, parameters such as geographical and climatic environment, operational conditions, … that have a great effect on failure rate may differ from each group to another.
Second Method
The second method tries to really evaluate the impact of ageing on the fault rates of assets independently from other parameters. So, the fault rate of the whole components of the group are computed for each year of the feedback. So, the assets on which the parameters are computed, have a common profile and age characteristics.
Advantage of this method
As said in the presentation of the method, impact of ageing are measured independently of the other parameters.
Disadvantage of this method
The number of points of the curve is very limited because of the short feedback. The variability of the number of faults between different years has a direct effect on the curves.
APPLICATION OF THE METHODS ON FRENCH NETWORK
The two methods have been carried out on to evaluate the impact of ageing on the french MV network. Overhead Lines and Underground Cables have been split into homogeneous families. We present below the results of the two methods for particular families.
Results of 1 st Method
This paragraph presents the application of the 1st method on overhead lines families and underground cables :
Overhead Lines Families
The length of the overhead line family of section 34 -38 mm2 studied (mix of AACSR 34 mm², aluminum alloy steel and ACRS 37-38 mm², aluminum steel) is about 120.000 km.
C C I I R R E E D D ! "
The figure 1 below shows the evolution of the fault rate for this asset group. The moving average seems to increase. In the oldest ages (on the right). the confidence interval (dash curve) is wider due to the lack of data : so, conclusions are harder to make on that part of the curve. • first area goes from age 5 up to age 18 years old This area (called debugging period) doesn't show the impact of ageing and the moving average is always lower than the average fault rate of the family. On this area, the instantaneous fault rate will be a constant.
• second area goes from age 18 to age 33 The moving average is around the average fault rate. On this area, the instantaneous fault rate is a higher constant.
• last area : for age superior to 33 The instantaneous fault rate is always higher than the average fault rate. In this area, it can be modeled either by a straight line(whose slope is calculated by a linear regression on the faults rates between age 33 and age 43) or by a parabolic model. 
Underground Cables Families
Regarding underground cables, we will focus on Aluminum paper insulated cable, the oldest ones on the French MV network. Of course paper insulated cables are not installed for more than 20 years, so we will only consider cables which are more than 21 years old in 2004. And after 45 years old, lengths of this family won't be enough to conclude. That will be confirmed by the figure 3 where confidence intervals are too wide before 21 years old and after (about) 40-43 years old.
We propose a constant to model the evolution fault rate below the age 21. However between 21 and 43 years old, the moving average over 5 years clearly increases, although the instantaneous fault rate oscillates. As the moving average is quite a straight line up to 43 years old, during those 22 years the fault rate will be a linear function of time (linear regression based on the moving average). The result is shown below (figure 4). This time, we add confidence intervals calculated for the moving average over 5 years with the parametric model (linear regression) in order to check that the linear regression (model) fits to experience feedback. It is important that the curve of the linear regression is between the two confidence intervals (90%).
In conclusion, the fault rate of Aluminum Paper insulated underground cable seems to increase each year from 21 to 43 average fault rate
years old.
Results of the 2 nd method
This paragraph presents the application of the 2nd method on the same overhead line and underground families of the previous paragraph.
Overhead Lines Families
The figure below shows the evolution of the fault rate for the AACSR -34 mm² and ACRS 37-38 mm² overhead family from the year 2000 to 2003. The figure 5 presents three main curves : − the fault rate evolution of all family, − the fault rate evolution of the oldest overhead lines whose setup date is between 1956 and 1965, − the fault rate evolution of the newest overhead lines whose setup date is between 1976 and 1985.
The differences of the two years are due to two factors : − the ageing of the Overhead Line, − the year conditions (weather conditions, etc.).
The first comment is that the average fault rate depends more on climatic hazards and ageing is very difficult to see. Thus, the fault rate decreases from year 2000 and 2001 and the fault rate in 2003 is very high probably because of the 2003 midsummer high wave condition. These climatic hazards were not seen in the first method because they were shared between population of the same age. As the effect of climatic hazards are too important, the increase of ageing can not be measured with this method. Moreover there are not obvious differences between the slope of the yellow curve and the blue curve.
What can be said is on the whole, the youngest Overhead Line (yellow curve) is more reliable than the oldest overhead line (blue curve). That fits to the 1 st Method results, where fault rate in function of the age was constant or increased.
Underground Cables
The figure 6 below shows the evolution fault rate of Aluminum paper insulated cables for three populations : F i g u r e 6 : f a u l t r a t e f o r e a c h y e a r o f t h e e x p e r i e n c e f e e d b a c k A l u m i n i u m P a p e r i n s u l a t e d c a b l e s 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 Y e a r s o f e x p e r i e n c e fe e d b a c k F a u l t r a t e f a u l t r a t e o f c a b l e s b u il t b e t w e e n 1 9 4 6 a n d 1 9 6 4 f a u l t r a t e o f c a b l e s b u il t b e t w e e n 1 9 6 5 a n d 1 9 7 4 f a u l t r a t e o f c a b l e s b u il t b e t w e e n 1 9 7 5 a n d 1 9 8 4 c o n f i d e n c e i n t e r v a l ( 9 0 % )
The figure 6 presents three main curves :
− The blue one is the fault rate evolution of the oldest overhead lines whose setup date is between 1946 and 1954 − The yellow one is the fault rate evolution of the middle overhead lines whose setup date is between 1966 and 1974 − The red one is the fault rate evolution of the newest overhead lines whose setup date is between 1975 and 1984
The fault rate evolution of the three curves are different, especially for year 2003, where the increase of the fault rates for the oldest cables is the most important : this phenomenon can be explained by the fact that younger underground cables suffered less than older underground cables from extreme climatic conditions. Nevertheless, the evolution of the fault rate for each curve is too much influenced by the climatic conditions to see the impact of ageing on the fault rate evolution.
The comparison between the level of the three curves shows that the average fault rate on the 4 years is higher on the older cables than on the younger cables.
CONCLUSION
In this paper, two methods of measuring the impact of ageing have been tested based on experience feedback, unlike other methods based on laboratory tests. The main problem raised by the study is the limited period of the experience feedback used (4 years), that leads to wide confidence intervals. Moreover, for main families, a trend can be detected and sometimes a simple parametric model of the evolution fault rate can be established with the first method. Unfortunately, the second method can not give more accurate results than the 1 st method These models could be used in a software planning tool whose aim is to optimize investments on the MV network 
